The prevalence of thyroid dysfunction and autoimmunity in the Portuguese population has not yet been estimated. However, the national prevalence of the metabolic syndrome remains high. The association of thyroid pathology with cardiovascular risk has been addressed but is still unclear. Our study aimed to evaluate the prevalence of thyroid dysfunction and autoimmunity and to assess the associations of thyroid-stimulating hormone and thyroid hormones and antibodies with metabolic syndrome, its components, and other possible determinants in a national sample.
INTRODUCTION
Thyroid dysfunction is a common endocrine disorder that includes hypothyroidism and hyperthyroidism, and it may present as both overt and subclinical forms [1] . According to a recent meta-analysis on thyroid dysfunction in Europe [1] , the mean prevalence of thyroid dysfunction was 3.82%, with 85.2% of cases displaying subclinical forms. Furthermore, according to the same study, the mean total prevalence of hypothyroidism and hyperthyroidism was 3.05% and 0.75%, The aims of our study were to evaluate the prevalence of thyroid dysfunction and antibody positivity and to assess the associations of Thyroid-Stimulating Hormone (TSH), thyroid hormones and thyroid antibodies with metabolic syndrome, its components, and other possible determinants in a sample of the Portuguese population.
MATERIAL AND METHODS
PORMETS (Portuguese METabolic Syndrome), a population-based cross-sectional study, was designed to estimate the prevalence of MetS in mainland Portuguese population. This study, conducted from February 2007 to July 2009, included a sample of 4095 adults who were aged 18 years or older and registered in primary health care centres, and its study protocol has been previously explained [8] . According to Portuguese legislation, all citizens are enrolled in a primary health care centre of the National Health System. Briefly, 120 participants were randomly selected from the general practitioners' patient lists in each primary health care centre. Two primary health care centres were included for each of the 18 mainland administrative regions (districts), one located in the district's capital and the other in a nonurban area. All selected participants were specifically invited by the primary health care centres to be evaluated within the scope of the study and regardless of their state of health. Pregnant women were excluded [8] .
A subsample, including five hundred participants, was randomly selected from the PORMETS study, as previously described [11] . After excluding 14 participants with missing values for TSH, 486 participants (281 women and 205 men) remained. Participants with previously diagnosed hypothyroidism (n=7) and those under treatment with L-thyroxine were included in the evaluation of the prevalence of thyroid dysfunction but were excluded from the remaining analyses to avoid the influence of medication on the results.
The sample size for this study was calculated, considering a margin of error of 5%, a confidence level of 95% and a response distribution of 50% for the proportion of participants with thyroid dysfunction or positivity of thyroid antibodies. The selected and non-included participants did not show significant differences in the analysed variables, except for systolic BP (p=0.047).
The methodological approach used in the study was previously described [8, 11] . A structured questionnaire was administered, in which information was collected on past medical history and socio-demographic and behavioural characteristics, including education level, smoking and drinking habits and physical exercise. In addition, BP and anthropometric measurements, including weight, height and Waist Circumference (WC), were collected. WC measurements were taken midway between the lower limit of the rib cage and the iliac crest. Body Mass Index (BMI) was calculated as weight in kilograms divided by height in metres squared. Weight status was classified through the BMI according to the World Health Organization recommendations [12] 2 ). Venous blood samples were drawn by trained nurses, after an overnight fast, and frozen and stored at -80°C. Insulin and high-sensitivity C-Reactive Protein (hs-CRP) were measured by an electrochemiluminescent immunoassay using a Cobas e411 automated analyser (Roche, Amadora, Lisboa, Portugal) and by a particle-enhanced immunonephelometric assay on a BN II laser nephelometer (Siemens Healthcare, Amadora, Lisboa, Portugal), respectively. Conventional methods, with an Olympus AU5400 automated clinical chemistry analyser (Beckman-Coulter , Oeiras, Lisboa, Portugal), were used for all other laboratory measurements [glucose, total cholesterol, triglycerides, HDL (highdensity lipoprotein) cholesterol, TSH, Free Triiodothyronine (FT3), Free Thyroxine (FT4), TPOAb and TgAb]. LowDensity Lipoprotein (LDL) cholesterol was calculated by subtracting the value of HDL cholesterol and 20% of the value of triglycerides from the value of total cholesterol when its value was less than 400 mg/dL [13] .
Insulin resistance was estimated according to the Homeostatic Model Assessment of insulin resistance (HOMA-IR) [14] . MetS was defined according to the Joint Interim Statement [15] . The European cut-off points were used to evaluate the WC component of the MetS: WC 88 cm in women and 102 cm in men. Euthyroidism was defined by normal TSH (0.4 to 3.99 mIU/L), FT4 (0.70 to 1.48 ng/dL) and FT3 (1.71 to 3.71 pg/mL) serum levels. Overt primary hypothyroidism was defined by serum TSH 4 mIU/L and serum FT4 below the lower range. Subclinical Hypothyroidism (SCH) was defined as a state of increased serum TSH, with circulating thyroid hormone within the reference range. SCH was divided into two categories according to TSH level: mildly increased TSH (4.0-10.0 mIU/L) and severely increased TSH (>10 mIU/L) [16] . Overt primary hyperthyroidism was defined as serum TSH <0.4 mIU/L and serum FT4 and/or FT3 above the normal range. Subclinical Hyperthyroidism (SHyper) was defined biochemically as serum TSH below the reference range, with normal thyroid hormone. According to its severity, SHyper was divided into two categories [17] : grade 1, which has low but detectable serum TSH (0.1-0.39 mIU/L), and grade 2, which has undetectable serum TSH (<0.1 mIU/L).
The presence of thyroid autoimmune disease was defined by the positivity of either of the measured thyroid antibodies. Positivity for TPOAb and TgAb was set to values greater than or equal to 5.61 and 4.11 IU/mL, respectively. The prevalence of previously diagnosed and undiagnosed thyroid dysfunction was 2.1% and 5.3%, respectively ( Table  1 ). The prevalence of hypothyroidism and hyperthyroidism, including subclinical forms, was 4.9% and 2.5%, respectively. According to our results, thyroid dysfunction was not diagnosed in 72.2% of the cases. Undiagnosed thyroid dysfunction was mainly subclinical (88.5%). Thyroid dysfunction was significantly more frequent in women (p=0.012). In addition, the prevalence of hypothyroidism was higher in participants over 50 years of age (p=0.027). The diagnosis of autoimmune thyroid disease was made in 18.9% of the participants. The overall prevalence of positivity for TPOAb or TgAb was 11.9% and 15.0%, respectively. In addition, both antibodies were positive in 8.0% of the study sample. Positivity for TPOAb or TgAb was approximately 3 times higher in women (p<0.001). Furthermore, the participants with thyroid dysfunction presented a higher positivity for TPOAb (p<0.001) and TgAb (p=0.021) than did the euthyroid subjects. The prevalence of TPOAb and TgAb positivity by type of thyroid dysfunction is presented in Table 1 .
Statistical Analysis
After adjusting for sex and age, the TSH level was not associated with MetS, its components, HOMA-IR, serum insulin, or serum hs-CRP ( 
DISCUSSION

Thyroid Dysfunction Prevalence
Compared to other European studies [1] , we found a high prevalence of thyroid dysfunction. We also found a higher prevalence than found in a United States study [18] that showed a prevalence of hypothyroidism and hyperthyroidism of 4.6% (0.3% overt and 4.3% subclinical) and 1.3% (0.5% overt and 0.7% subclinical), respectively. The prevalence of thyroid dysfunction may vary according to the dietary iodine intake. The data from Portugal point to a borderline iodine intake, particularly in pregnant women and school populations [19] . Borderline iodine deficiency has been related to a higher prevalence of hyperthyroidism [20] and may help explain the high prevalence of hyperthyroidism observed in our study.
According to our data, undiagnosed thyroid dysfunction was present in 5.3% of the participants (3.5% in hypothyroidism and 1.9% in hyperthyroidism). Approximately 72.2% of individuals with thyroid dysfunction were not diagnosed. The prevalence of undiagnosed hypothyroidism and hyperthyroidism was, respectively, lower and higher compared to European findings [1] . According to a United States study [18] , the prevalence of undiagnosed hypothyroidism and hyperthyroidism was 4.1% and 0.4%, respectively.
Although the structured questionnaire administered included questions about drug treatment, the data were incomplete in many participants. Thus, with the exception of Lthyroxine treatment, the interference of drugs with action on thyroid function cannot be excluded.
The associations of TSH with FT4 and with thyroid antibodies were expected. In addition, the associations between FT4 and FT3 are in agreement with thyroid physiology. The effect of physical exercise on TSH level has previously been described but remains controversial [21] . We also found an association of FT3 with age and gender. The finding of decreasing values of FT3 with age is supported by the literature [22] . In addition, higher FT3 has been reported in men [23] .
Thyroid Antibody Prevalence
The prevalence of autoimmune thyroid disease, given by the positivity for TPOAb or TgAb, was high in our sample, even among participants with normal thyroid function. Epidemiological studies on thyroid antibody prevalence in Europe [24] are difficult to compare due to the different epidemiological and analytical approaches used. According to a recent review [25] , the prevalence of positive TPOAb in European studies varied from 13.9% to 16.9% in women and between 2.9% and 7.3% in men. In addition, the NHANES III study showed a prevalence of positivity for TPOAb and TgAb of 13.0% (17% in women and 8.7% in men) and 11.5% (15.2% in women and 7.6% in men), respectively [18] .
As expected, positive thyroid antibodies showed a significant positive association with each other and a negative association with the male gender. The high prevalence of thyroid antibody positivity is well documented in women [26] . Genetic abnormalities related to the X chromosome, parity, steroid hormones, miRNA expression differences and inflammation through leptin and other adipokines have been identified as possible causes. Thyroid antibodies also showed a positive association with TSH level, supporting the association of autoimmunity with hypothyroidism.
Associations of Thyroid Function and Autoimmunity with Metabolic Syndrome, its Components, and Other Possible Determinants
To the best of our knowledge, this is the first national study approaching thyroid function and autoimmunity and its associations with MetS in a sample of the mainland Portuguese population. We did not identify any association between TSH level and MetS or its components. Observational studies concerning the association between SCH and MetS have shown contradictory results. In addition, two recent meta-analyses also failed to clarify this problem; one of them found a positive association [27] , whereas no association was found in the other study [28] . CVD risk and mortality are increased in SCH [4, 5] , particularly among subjects younger than 65 years and in those with a TSH concentration greater than or equal to 10 mIU/L. However, a normal TSH level is not associated with an increase in CVD risk or mortality [29] .
Similar to TSH, FT4 showed no association with MetS or its components. The contribution of low normal FT4 to the development of CVD and MetS remains controversial [3, 30] . A large study conducted in South Korea that included 41.196 participants found no association between serum FT4 and MetS [30] . Another large study in the Netherlands that included 26,719 participants found an association only in men [31] . However, the association of MetS with low normal FT4 has been documented in some epidemiological surveys [32] . In addition, several studies have found associations of the FT4 level with some of the components of MetS [30, 31, 32] , but with some disagreement in the results. Furthermore, no association was observed between the FT4 level and the HOMA-IR or insulin levels. According to the literature, low normal FT4 levels have been associated with insulin resistance in some studies [32] , while in other studies, no such association was found [33] .
Higher FT3 was associated with an increased prevalence of MetS. This positive association has been increasingly reported in the literature [34, 35] . Despite this association, we did not find any association between the individual components of MetS. However, the positive association with the triglyceride component almost reached statistical significance (p=0.092). In addition, serum FT3 was positively associated with triglycerides (p=0.003). One possible explanation for the lack of associations may be that the sample size was insufficient to achieve statistical significance. In fact, there is a growing body of evidence for the association of FT3 blood levels and the triglyceride component in euthyroid subjects [34, 35] .
Furthermore, the FT3 serum levels presented a positive association with insulin (p=0.005). Although a significant association with HOMA was not found, its p-value was close to statistical significance (p=0.085). Previous studies have shown a significant positive association of FT3 blood level with insulin resistance in clinical [36] and subclinical thyro-toxicosis [37] and in euthyroid subjects [38] . The blood level of FT3 may be influenced by thyroid secretion and its peripheral conversion from Thyroxine (T4), especially through type 2 deiodinase. Although the mechanisms of elevation of FT3 in individuals in euthyroidism are not clear, the contribution of insulin resistance and/or hyperinsulinism, particularly through an increase in type 2 deiodinase activity, cannot be ruled out [38] . Obesity, particularly abdominal obesity, has also been implicated in increased type 2 deiodinase activity. In addition, an increase in FT3 could correspond to an adaptive mechanism of increasing resting energy expenditure to limit fat deposits [39] . On the other hand, a primary contribution of triiodothyronine (T3) to insulin resistance has been suggested [39] . Several adipocytokines may mediate thyroid hormone actions on insulin sensitivity through complex interactions [40] . However, in view of the physiological actions of thyroid hormones [41] , T3 resistance cannot be ruled out in euthyroid subjects with high normal levels of the hormone. The presence of insulin or T3 resistance may explain the hypertriglyceridemia found in euthyroid individuals with high normal T3.
In addition, no association of hs-CRP with serum levels of TSH, FT4 or FT3 was found. These results are in agreement with the literature [42] and suggest that there is no direct action of the thyroid function indicators on this inflammatory marker.
According to our results, and considering both thyroid antibodies, only TPOAb positivity showed a negative significant association with MetS and its triglyceride component. No association of TPOAb with the markers of insulin resistance was found, suggesting a different mechanism for the associations. However, no association was found between hs-CRP and thyroid antibodies, which is in agreement with the limited evidence available [43] and does not support a role for inflammation. Evidence on the link between thyroid autoimmunity and MetS (or its components) is also lacking. Positivity for thyroid antibodies has not been associated with insulin resistance [44] or with MetS and its components, specifically in obesity [45] and in postmenopausal women [46] . Although some studies have suggested an increased risk of coronary heart disease [47, 48] and stroke [49] in autoimmune thyroiditis, the presence of TPOAb does not appear to correlate with CVD risk in patients with SCH [50] . The analysis of individual participant data from several studies [51] and a 20-year follow-up of the original Whickham survey [52] showed that the risk of coronary heart disease is likely mediated by thyroid dysfunction, without an independent contribution from thyroid autoimmunity. The negative association of TPOAb positivity with the triglyceride component is partially supported by a previous report of low fasting serum triglycerides in autoimmune thyroiditis and other autoimmune diseases [53] . Ghrelin, a hormone with important actions in the regulation of appetite, energy balance, adiposity and autoimmunity [54] , may have a negative association with blood levels of thyroid antibodies [55, 56] . Inhibition of ghrelin's action may be accompanied by lower circulating triglycerides [57] . The different behaviour of the two thyroid antibodies may eventually be explained on the basis of their immunological differences [58] .
In the present study, no information was collected on menopause status, a risk factor for MetS [59] . The sample size may have conditioned the statistical significance of some of our results. Future studies with larger sample sizes may clarify some of the doubts raised. Finally, due to the cross-sectional design of our study, a cause-effect relationship cannot be established for the associations described.
CONCLUSION
Our study showed a high prevalence of thyroid dysfunction, namely, subclinical and undiagnosed, supporting previous data. Thyroid antibody positivity was high in our sample, even among participants with normal thyroid function, thus reinforcing the role of autoimmunity in thyroid dysfunction. In addition, no association was observed between TSH or FT4 and MetS or its individual components. By contrast, the FT3 level presented a positive association with MetS and the insulin and triglyceride levels, thus strengthening its plausible role in CVD risk. Finally, according to our data, a negative association was found between thyroid autoimmunity, as represented by TPOAb, and MetS and its triglyceride component. These associations need further investigation. 
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